PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-044565 
(43)Date of publication of application : 15.02.2000 

(51)Int.CI. C07D487/22 

G03G 5/06 
// A61K 31/40 



(21 Application number : 10-216585 (71)Applicant : KAWAMURA INST OF CHEM 

RES 

(22)Date of filing : 31 .07.1 998 (72)Inventor : KIN JINKA 

BOKU SHIYOUSHIN 



(54) PORPHYRIN DERIVATIVE HAVING IODOMETHYL SUBSTITUENT AND 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject new compound consisting of a 
porphyrin derivative having specific iodomethyl groups and useful for photocatalysts 
on photosyntheses, therapeutic agents for cancer agents on ray dynamic therapies, 
ray dynamic cancer diagnostic agents, MRI contrast media, X-ray contrast media, 
etc. 

SOLUTION: A compound of the formula [(n) is 1 or 2; M is two hydrogen atoms or a 
transition metal; the dotted line is not a bond or is a coordination bond, for example, 
tetra(p-iodomethylphenyl)porphyrin. The compound of the formula is obtained by 
mixing a benzaldehyde having an iodomethyl group with pyrrole in a molar ratio of 1:1 
in a polar solvent such as chloroform, adding a small amount of boron 
trifluoride.diethyl ether at room temperature to the mixture liquid, stirring the 
mixture at room temperature, simultaneously adding a small amount of triethylamine 
and chloranil, thermally refluxing the mixture, cooling the reaction mixture down to 
room temperature after the finish of the reaction, distilling away the solvent at 
reduced pressures to concentrate the reaction mixture, adding methylene chloride 
to the concentrated solution, filtering, recovering the solid contents, and 



subsequently recrystalizing the solid contents. 
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CLAIMS 



[Claim(s)] 

[Claim 1] General formula (I) 
^Formula 1] 



(n expresses 1 or 2 among a formula, M expresses two hydrogen atoms or transition 
metals, and a dotted line expresses a no linkage, when M is a hydrogen atom, and 
when M is transition metals, it expresses coordinate bond.) The iodine methyl group 



is combined with either like o~ of a phenyl ring, m- ? and p- Porphyrin derivative 
which has the iodine methyl group characterized by what is expressed. 
[Claim 2] The porphyrin derivative which has the iodine methyl group according to 
claim 1 which n is 1 and the iodine methyl group has combined with p-location of a 
phenyl ring in the derivative expressed with a general formula (I). 
[Claim 3] The porphyrin derivative which has the iodine methyl group according to 
claim 1 which n is 2 and the iodine methyl group has combined with two rrHocations 
of a phenyl ring in the derivative expressed with a general formula (I). 
[Claim 4] General formula (II) 
Formula 2] 



(R expresses alkyl or an allyl group among a formula, and p is the integer of the 
range of 3-500, and expresses the number average degree of polymerization of a 
poly oxazoline arm.) M expresses two hydrogen atoms or transition metals, and a 
dotted line expresses a no linkage, when M is a hydrogen atom, and when M is 
transition metals, it expresses coordinate bond, n expresses 1 or 2. n poly oxazoline 
arms are combined with either like o- of a phenyl ring, m- and p- Amphiphilic star 
type oxazoline polymer based on [ which is characterized by what is expressed ] 
porphyrins. 

[Claim 5] It is an amphiphilic star type oxazoline polymer based on [ which n is 1 in 
the polymer expressed with a general formula (II), and the poly oxazoline arm has 
combined at least with p- of a phenyl ring / according to claim 4 ] porphyrins. 
[Claim 6] It is an amphiphilic star type oxazoline polymer based on [ which n is 2 in 
the polymer expressed with a general formula (II), and the poly oxazoline arm has 
combined at least with two m- of a phenyl ring / according to claim 4 / eight ] 
porphyrins. 

[Claim 7] General formula (III) 
[Formula 3] 



(Although R1 and R2 express an alkyl group or an allyl group in independent 
respectively among a formula, p and q are the integers of the range of 5-250 in 
independent respectively and the number average degree of polymerization of a poly 
oxazoline segment is expressed, the sum is in the range of 10-500.) M is two 
hydrogen atoms or transition metals, and a dotted line expresses a no linkage, when 
M is a hydrogen atom, and when M is transition metals, it expresses coordinate bond. 



n expresses 1 or 2. n oxazoline block-copolymer arms are combined with either like 
o- of a phenyl ring, m- and p-. Amphiphilic star type oxazoline polymer based on 
[ which is characterized by what is expressed ] porphyrins. 
[Claim 8] it sets to the polymer expressed with a general formula (III) — the 
amphiphilic star type oxazoline polymer based on [ which n is 1 and the poly 
oxazoline block-copolymer arm has combined at least with p- of a phenyl ring / 
according to claim 7 ] porphyrins. 

[Claim 9] it sets to the polymer expressed with a general formula (III) — the 
amphiphilic star type oxazoline polymer based on [ which n is 2 and the poly 
oxazoline block-copolymer arm has combined at least with two m- of a phenyl ring / 
according to claim 7 ] porphyrins. 
[Claim 1 0] General formula (IV) 
[Formula 4] 



(R1 and R2 are an alkyl group or an allyl group in independent respectively among a 
formula, and X is a numeric value to 0.1-0.9, and p is the integer of the range of 3- 
500, and expresses the number average degree of polymerization of the arm of an 
oxazoline copolymer.) M expresses two hydrogen atoms or transition metals, and a 



dotted line expresses a no linkage, when M is a hydrogen atom, and when M is 
transition metals, it expresses coordinate bond, n expresses the integer of 1-3. n 
poly oxazoline copolymer arms are combined with either like o- of a phenyl ring, m-, 
and p- Amphiphilic star type oxazoline polymer based on [ which is characterized by 
what is expressed ] porphyrins. 

[Claim 1 1] The amphiphilic star type oxazoline polymer based on [ which n is 1 and 
the poly oxazoline copolymer arm has combined at least with p- of a phenyl ring in 
the polymer expressed with a general formula (IV) / according to claim 10 ] 
porphyrins. 

[Claim 12] The amphiphilic star type oxazoline polymer based on [ which n is 2 and 
the poly oxazoline copolymer arm has combined at least with two m- of a phenyl 
ring in the polymer expressed with a general formula (IV) / according to claim 10 ] 
porphyrins. 

[Claim 1 3] General formula (V) 
! Formula 5] 




(Among a formula, p is the integer of the range of 3 — 500, and expresses the number 
average degree of polymerization of the arm of polyethyleneimine.) n expresses 1 or 
2. n arms of polyethyleneimine are combined with either like o- of a phenyl ring, m- 
and p- Star type ethyleneimine polymer which is a derivative from the poly 
oxazoline based on [ which is characterized by what is expressed ] porphyrins. 
[Claim 14] The star type ethyleneimine polymer which n is 1 in the polymer 
expressed with a general formula (V), and is a derivative from the poly oxazoline 
based on [ which the polyethyleneimine arm has combined at least with p- of a 
phenyl ring / according to claim 13 ] porphyrins. 

[Claim 15] The star type ethyleneimine polymer which n is 2 in the polymer 
expressed with a general formula (V), and is a derivative from the poly oxazoline 
based on [ which the polyethyleneimine arm has combined at least with two m- of a 
phenyl ring / according to claim 13 ] porphyrins. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the star type macromolecule 
centering on the activity and porphyrin as the porphyrins which have an iodine 
methyl group, and those polymerization initiators. The porphyrins of this invention 
have for example, a useful porphyrin metal complex as the catalyst in oxidation 
reaction of an alkane/alkene, the photocatalyst in photosynthesis, the cancer 
treatment agent in a beam-ofHight dynamics therapy (PDT), a beam-of-light 
dynamics cancer diagnostic drug, an MRI contrast medium, an X-ray contrast 
medium, the material for optical recording in photochemical hole burning (PHB), and 
an ingredient that constitutes the component in light / electron device field. 
[0002] 

[Description of the Prior Art] It is known that the porphyrin which one porphyrin 
molecule isolated like CHITOKUROMI P-450 in a nature in the three-dimensional 
structure of one protein molecule whose molecular weight is about 40,000 shows an 
oxidation catalyst function. On the other hand, the special pair of a porphyrin is 
accepted also in the reaction center of the photosynthesis bacteria in a nature into 
the protein of tens of thousands of molecular weight, and it is known that these 
porphyrins have contributed to the photosynthetic reaction. 

[0003] In order to make the catalyst function and an optical function discover in the 
case of a low-molecular porphyrin which began to be solved out of the big protein 
molecule, to introduce various substituents around a porphyrin frame is tried, for 
example, "a journal OBU American chemical society (J.Am.Chem.Soc.)" — 
introducing a bulky substituent into the 2659th volume [ 109th ] page (1987), in 
order to prevent a low-molecular porphyrin flat-surface comrade's meeting in the 
catalyst field is indicated, moreover, "journal OBU organic chemistry (J.Org.Chem.)" 
— in various application in the medicine field, in order to make a porphyrin solubilize 
underwater, introducing many hydrophilic substituents (hydroxy ** sugar, a cation, 
and anion) around a porphyrin frame is indicated by the 7462nd volume [ 59th ] page 
(1994). Furthermore, in the record ingredient field, introducing into a low-molecular 
porphyrin the substituent in which a macromolecule matrix and interaction are 
possible is known by JP,2-45,A for carrying out single molecular dispersion of the 
low-molecular porphyrin into a transparent macromolecule matrix. 
[0004] It is known that a meeting in a porphyrin molecule comrade's solution or a 
solid-state will bar the catalyst / optical functional manifestation of a porphyrin. For 
example, in the beam-of-light therapy of the cancer in the medicine field, not leading 
to solution of the problem that a porphyrin becomes the easiest to meet by the 
aquosity medium, only by introducing a hydrophilic substituent around a porphyrin 
frame is known. Moreover, in the optical hole vanning record ingredient field, it is the 
molecular design of a low-molecular porphyrin, and selection of a macromolecule 



matrix, and it is hard to solve lowering of the compatibility of both components, and 
that a porphyrin condenses in a transparent macromolecule matrix poses a problem. 
That is, a meeting of a porphyrin molecule was not able to be effectively prevented 
only by introducing a low-molecular substituent around a porphyrin frame. 
[0005] as the approach of making the function in the monad level of a porphyrin 
discovering — "ANGEWANDE HEMI (Angewandte Chemie) International EJISHON 
(Int.Ed.) — the method of making a low-molecular porphyrin incorporate in a micell 
or an amphiphilic polymer solution is indicated by the 1 131st volume [ 37th ] page 
(1998) or "Chemical Communications (Chem.Commun.r 2277th page (1997)", 
respectively. Moreover, the method of combining a porphyrin with a macromolecule 
side chain is indicated by "macro leakage-at-bulb KYURUSU (Macromolecules)" 
volume [ 29th ] 6505th page (1996)." However, by these approaches, in order that 
the interaction between porphyrin residue might be dependent on the class of 
medium, there was a trouble that the medium used for preventing it had to be limited 
to a specific medium. 

[0006] In order to isolate the monad of a porphyrin thoroughly, the branched polymer 
based on [ which combined several macromolecule chains around the monad 
porphyrin ] porphyrins is known, for example, "journal OBU chemical Society (J. 
Chem.Soc.) Chemical Communications (Chem.Commun.)" — the manufacture 
approach of the star type macromolecule based on porphyrins of making an 
aluminum porphyrin complex into a polymerization initiator, using other porphyrin 
derivatives as one component of a monomer at this, and carrying out the 
polymerization of the epoxy compound on this monomer poly FIRIN is indicated by 
the 391st page (1988). However, by this approach, since the aluminum porphyrin 
used as a polymerization initiator could not be introduced into the core of a star 
type macromolecule, there was a trouble that it was necessary to use a porphyrin 
with separate it as one component of a monomer, moreover, "journal OBU chemical 
Society (J. Chem.Soc.) Chemical Communications (Chem.Commun.)" — it ranks with 
a star type branched polymer, and the arborescence DIN DORIMA macromolecule 
based on porphyrins is indicated by the 1260th page (1993) as an approach of 
isolating a porphyrin perfectly. However, there was a trouble that composition of the 
DIN DORIMA porphyrin was a multistage story, and complicated isolation and a 
purification process were needed. 
[0007] 

[Problem(s) to be Solved by the Invention] It is equal to isolating the monad of a 
porphyrin in big cluster structure to fix to the core of a star type macromolecule the 
porphyrin molecule which has light / catalyst function. Thus, it is expected by 
isolating a porphyrin molecule that it becomes possible to make altitude discover the 
various functions of a porphyrin. Moreover, by selection of a circumference 
macromolecule arm, the solubility or compatibility (amphiphilic) in the medium of 
everything but a porphyrin star type macromolecule is greatly improvable, and when 
it is an avirulent macromolecule arm, the activity as the application to the medical 



care of a porphyrin, for example, the beam-ofHight therapy agent of cancer, 
especially a beam-ofHight therapy agent of skin carcinoma can be expected. The 
star type giant molecule based on porphyrins also brings new possibility to the 
oxidation catalyst and photocatalyst with which a porphyrin is concerned, a beam- 
ofHight therapy agent, material for optical recording, and a multilayer device 
ingredient. 

[0008] The technical problem which this invention tends to solve is to offer the 
porphyrin which is to offer the star type macromolecule based on porphyrins, and 
serves as a manufacture raw material of the star type macromolecule such based on 
porphyrins and which has polymerization reaction initiation nature. 
[0009] 

[Means for Solving the Problem] This invention is (1) general formula (I), in order to 
solve the above-mentioned technical problem. 
[0010] 
[Formula 6] 



[001 1] (n expresses 1 or 2 among a formula, M expresses two hydrogen atoms or 
transition metals, and a dotted line expresses a no linkage, when M is a hydrogen 
atom, and when M is transition metals, it expresses coordinate bond.) The iodine 
methyl group is combined with either like o- of a phenyl ring, m- and p- The 
porphyrin derivative which has the iodine methyl group characterized by what is 
expressed is offered. 

[0012] Moreover, this invention is (2) general formulas (II), in order to solve the 
above-mentioned technical problem. 
[0013] 
[Formula 7] 



[0014] (R expresses alkyl or an allyl group among a formula, and p is the integer of 
the range of 3-500, and expresses the number average degree of polymerization of a 
poly oxazoline arm.) M expresses two hydrogen atoms or transition metals, and a 
dotted line expresses a no linkage, when M is a hydrogen atom, and when M is 
transition metals, it expresses coordinate bond, n expresses 1 or 2. n poly oxazoline 
arms are combined with either like o- of a phenyl ring, m- and p~. The amphiphilic 
star type oxazoline polymer based on [ which is characterized by what is 
expressed ] porphyrins is offered. 

[0015] Moreover, this invention is (3) general formulas (HI), in order to solve the 
above-mentioned technical problem. 
[0016] 
[Formula 8] 



[0017] (Although R1 and R2 express an alkyl group or an allyl group in independent 
respectively among a formula, p and q are the integers of the range of 5-250 in 
independent respectively and the number average degree of polymerization of a poly 
oxazoline segment is expressed, the sum is in the range of 10-500.) M is two 
hydrogen atoms or transition metals, and a dotted line expresses a no linkage, when 
M is a hydrogen atom, and when M is transition metals, it expresses coordinate bond. 



n expresses 1 or 2. n oxazoline block-copolymer arms are combined with either like 

o- of a phenyl ring, m-, and p-. The amphiphilic star type oxazoline polymer based 

on [ which is characterized by what is expressed ] porphyrins is offered. 

[0018] Furthermore, this invention is (4) general formulas (IV), in order to solve the 

above-mentioned technical problem. 

[0019] 

[Formula 9] 



[0020] (R1 and R2 are an alkyl group or an allyl group in independent respectively 
among a formula, and X is a numeric value to 0.1-0.9, and p is the integer of the 
range of 3-500, and expresses the number average degree of polymerization of the 
arm of an oxazoline copolymer.) M expresses two hydrogen atoms or transition 



metals, and a dotted line expresses a no linkage, when M is a hydrogen atom, and 
when M is transition metals, it expresses coordinate bond, n expresses the integer 
of 1-3. n poly oxazoline copolymer arms are combined with either like o- of a phenyl 
ring, m-, and p- The amphiphilic star type oxazoline polymer based on [ which is 
characterized by what is expressed ] porphyrins is offered. 

[0021] Furthermore, this invention is (5) general formulas (V) again, in order to solve 
the above-mentioned technical problem. 
[0022] 
.Formula 10] 



[0023] (Among a formula, p is the integer of the range of 3-500, and expresses the 
number average degree of polymerization of the arm of polyethyleneimine.) n 
expresses 1 or 2. n arms of polyethyleneimine are combined with either like o- of a 
phenyl ring, m- and p- The star type ethyleneimine polymer which is a derivative 
from the poly oxazoline based on [ which is characterized by what is expressed ] 
porphyrins is offered. 
[0024] 

[Embodiment of the Invention] The porphyrin derivative which has the iodine methyl 
group expressed with the general formula (I) of this invention can be easily 
manufactured using the approach according to the common use approach for 
obtaining a porphyrin derivative, or it. For example, a boron trifluoride and 
diethylether are stirred at little **** and a room temperature for 1 hour into the 
mixed liquor which mixed the benzaldehyde which has an iodine methyl group in the 
polar solvent like chloroform, and the pyrrole by the mole ratio of 1 to 1. Next, 
stirring these, little triethylamine and chloranil are added at once, and it heats all 
over an oil berth, and is made to flow back for about 1 hour. Reaction mixed liquor is 
lowered to a room temperature after reaction termination, reduced pressure distilling 
off is carried out and a solvent is condensed. The methylene chloride of optimum 
dose is added and filtered in concentration liquid, and solid-state objects are 
collected. The porphyrin which has the iodine methyl group expressed with the 
target general formula (I) can be obtained with 35 - 48% of yield by making a solid- 
state object recrystallize in chloroform/methylene chloride, or carrying out 
separation purification by using chloroform as a solvent using a silica gel column 



chromatography. 

[0025] In this approach, the porphyrin compound which the iodine methyl group 
permuted at least by p- of a phenyl ring can be obtained in a general formula (I) by 
using p-benzaldehyde as a benzaldehyde which has an iodine methyl group, 
moreover — for example, — as the benzaldehyde which has an iodine methyl group 
— nrHodine methyl benzaldehyde or o-iodine methyl benzaldehyde — **** — in a 
general formula (I), the porphyrins compound with which the iodine methyl group 
permuted at least m- of a phenyl ring at least by o~ respectively can be obtained by 
things. Similarly as a benzaldehyde which has an iodine methyl group 2 and 2-JI 
(iodine methyl) benzaldehyde, By using 2 and 4-JI (iodine methyl) benzaldehyde or 3, 
and 5-JI (iodine methyl) benzaldehyde a general formula (I) — setting — about two 
o- of a phenyl ring — o- and p-location — or the porphyrins compound which the 
iodine methyl group permuted by two m-locations, respectively can be obtained. 
[0026] It is the transition metals of common use, and also in transition metals, the 
central metal of a porphyrin has zinc, manganese, iron, and desirable cobalt, and zinc 
and especially its manganese are desirable. 

[0027] The porphyrin which has such a central metal dissolves an iodine methyl 
porphyrin into the polar solvent like chloroform, and adds the methanol saturated 
solution of the metallic compounds like zinc acetate to the solution. The heating 
reflux of this mixed liquor is carried out for about 3 hours. The porphyrin metal 
complex with which the transition metals like zinc were introduced can be obtained 
after reaction termination by carrying out separation purification of the reaction 
mixture with a silica gel column chromatography. 

[0028] Thus, also in the porphyrin derivative expressed with the general formula (I) 
obtained, the porphyrin derivative which has one iodine methyl group at least in o- 
m~, or p- of one phenyl group is desirable, and especially the porphyrin derivative 
that has one iodine methyl group at least in p- of one phenyl group is desirable. 
Moreover, the porphyrin derivative which two iodine methyl groups permuted by one 
phenyl group is more desirable than the porphyrin derivative which one iodine methyl 
group permuted by one phenyl group also in the porphyrin derivative expressed with 
a general formula (I). Moreover, especially the porphyrin derivative that has an iodine 
methyl group at least in two m- of one phenyl group is desirable also in the 
porphyrin derivative expressed with the general formula (I) which two iodine methyl 
groups permuted by one phenyl group. 

[0029] The amphiphilic star type oxazoline polymer based on [ which is expressed 
with the general formula (II) of this invention ] porphyrins can be manufactured 
according to the following manufacture approaches. 

[0030] The porphyrin derivative and polar solvent which have the iodine methyl 
group expressed with a general formula (I) are added to the flask under the inert gas 
ambient atmosphere like nitrogen or an argon, it fully stirs in it, and a porphyrin 
derivative is thoroughly dissolved in it. After adding 2-oxazoline compound more 
than a 20 time mol to this solution as opposed to one mol of porphyrin derivatives, it 



heats with an oil bath, and a reaction is continued, stirring at the temperature of 40 
degrees C or more for 10 hours or more. After reaction termination, after applying 
the temperature of reaction mixed liquor for lowering and the methanol solvent of 
optimum dose to a room temperature, vacuum concentration of the mixed liquor is 
carried out. Fill an ether solvent with the solution which dissolved the condensed 
polymer into the methanol, a polymer is made to reprecipitate, and polymers are 
collected by attraction filtration. The polymer obtained is put in into the desiccator 
with which the desiccating agent like P205 was placed, and attraction desiccation is 
carried out with an aspirator for 1 hour or more. Furthermore, the amphiphilic star 
type oxazoline polymer based on [ which is expressed with the general formula (II) 
which wore the porphyrin color ] porphyrins can be obtained with 90% or more of 
yield (let total value of a porphyrin derivative expressed with 2-oxazoline compound 
and a general formula (I) be a theoretical value) by decompressing with a vacuum 
pump and making it dry under a vacuum for 24 hours. 

[0031] It is the transition metals of common use, and especially, the central metal of 
a porphyrin has zinc, manganese, iron, and desirable cobalt, and zinc and especially 
its manganese are desirable. 

[0032] What is necessary is just to use the metal-complex-ized ingredient as a 
porphyrin derivative which has the iodine methyl group expressed with a general 
formula (I), in order to obtain the amphiphilic star type oxazoline polymer based on 
[ which has such a central metal ] porphyrins. 

[0033] Thus, also in the amphiphilic star type oxazoline polymer based on [ which is 
expressed with the general formula (II) obtained ] porphyrins, what has one poly 
oxazoline arm at least in o- m~ or p- of one phenyl group is desirable, and 
especially the thing that has one poly oxazoline arm at least in p- of one phenyl 
group is desirable. Moreover, what two poly oxazoline arms permuted by one phenyl 
group is more desirable than the porphyrin derivative which one poly oxazoline arm 
permuted by one phenyl group also in the amphiphilic star type oxazoline polymer 
based on [ which is expressed with a general formula (II) ] porphyrins. Moreover, 
especially the thing that has a poly oxazoline arm at least in two m- of one phenyl 
group is desirable also in the amphiphilic star type oxazoline polymer based on 
[ which is expressed with the general formula (II) which two poly oxazoline arms 
permuted by one phenyl group ] porphyrins. 

[0034] As a 2-oxazoline compound used in this reaction, it is 2-alkyl like 2-methyl- 
2-oxazoline, 2-ethyl-2-oxazoline, 2-alpha-methylvinyl-2-oxazoline, and 2-propyl-2- 
oxazoline, for example. - The 2-allyl compound-2-oxazoline like 2-oxazoline;2- 
phenyl-2-oxazoline and 2-(4-methylphenyl)-2-oxazoline is mentioned. Moreover, as 
a compound which can use independently like 2-oxazoline compound, or can use 
together with 2-oxazoline compound and can be used in this reaction, it is 5 and 6- 
dihydro-2-methyl, for example. - It is 1,3, 4-oxazine, 5, and 6-dihydro~2-phenyl. - 1, 
3, 1 like 4-oxazine, 3-oxazine compound, etc. are mentioned. 
[0035] the polar solvent used in this reaction — the polar organic solvents of 



usually common use — it is — ****ing — an acetonitrile and the cyano group like 
cyanobenzene — ****** — solvents are desirable and especially phenylacetonitrile 
is desirable also in these. 

[0036] The rate that 2-oxazoline compound serves as the range of 1 2-2000 mols to 
one mol of porphyrin derivatives which have an iodine methyl group is desirable, the 
operating rate of the porphyrin derivative and 2-oxazoline which have the iodine 
methyl group expressed with a general formula (I) has the more desirable range used 
as 60-1200, and especially its range used as 100-800 is desirable. Although it is 
enough just to increase the aforementioned mole ratio in order to obtain the polymer 
of the amount of macromolecules, 2-oxazoline compound of a maximum of 400 
equivalent weight can also be used to one iodine methyl group in 1 molecule of a 
porphyrin derivative. 

[0037] Although 40 degrees C of polymerization reaction temperature are sufficient, 
it is desirable to set up the optimal temperature conditions with the reaction solvent 
to be used. For example, when an acetonitrile is used for a solvent, as reaction 
temperature, the range of 60-80 degrees C is desirable. When phenylacetonitrile is 
used for a solvent, the range of 80-140 degrees C is desirable in reaction 
temperature. It is desirable to also double and consider the boiling point of 2- 
oxazoline compound in setting out of reaction temperature. 

[0038] Polymerization reaction time amount changes with the amounts and reaction 
temperature of 2-oxazoline compound to the porphyrin derivative which has the 
iodine methyl group expressed with a general formula (I). Reaction temperature is 
high, and when there are few amounts of 2-oxazoline compound, reaction time is 
enough in about 10 hours. There are many amounts of 2-oxazoline compound, and in 
order to obtain the polymer of high polymerization degree, the reaction of long 
duration is needed. When reaction temperature is 100 degrees C, in order to set to 
200 the average degree of polymerization (P) of the arm whose number is one, 
speaking concretely, it is carrying out reaction time in 48 hours more preferably for 
24 hours. That is, in order to all carry out the polymerization of the 2-oxazoline 
compound of a predetermined charge, it can perform easily by extending reaction 
time suitably. 

[0039] It dissolves in many polar organic solvents easily, and a generation polymer 
dissolves underwater easily. As nonsolvent with which a generation polymer serves 
as insolubility, they are diethylether and ether like a tetrahydrofuran. It is desirable 
to repeat a reprecipitation process 2 or 3 times in purification of the polymer 
obtained. As a desirable good solvent in a reprecipitation process, it is a methanol, 
and diethylether as desirable nonsolvent. 

[0040] Although iodine atom has combined with the end structure of this generation 
polymer, it may not necessarily be limited to it, but you may be a chlorine atom or a 
bromine atom. Furthermore, iodine atom is also convertible for other substituents 
with a chemical means according to the object. 

[0041] The amphiphilic star type oxazoline polymer based on [ which is expressed 



with the general formula (III) of this invention ] porphyrins can be manufactured 
according to the following manufacture approaches. 

[0042] The porphyrin derivative and polar solvents which have the iodine methyl 
group expressed with a general formula (I) are added to the flask under the inert gas 
ambient atmosphere like nitrogen or an argon, it fully stirs in it, and a porphyrin is 
thoroughly dissolved in it. After adding 2-oxazoline compound more than a 20 time 
mol (henceforth the 1 st monomer) to this solution as opposed to a porphyrin 
derivative, it heats with an oil bath, and a reaction is continued, stirring at the 
temperature of 40 degrees C or more for 10 hours or more. A reaction is continued 
adding 2-oxazoline compound a check top and more than a 20 time mol (henceforth 
the 2nd monomer) in a gas chromatography or 1 H-NMR, and stirring that the 1st 
monomer was consumed 95% or more at the same temperature or higher 
temperature for 10 hours or more. After reaction termination, after applying the 
temperature of reaction mixed liquor for lowering and the methanol solvent of 
optimum dose to a room temperature, vacuum concentration of the mixed liquor is 
carried out. Fill an ether solvent with the solution which dissolved the condensed 
polymer into the methanol, a polymer is made to reprecipitate, and polymers are 
collected by attraction filtration. The polymer obtained is put in into the desiccator 
with which the desiccating agent like P205 was placed, and attraction desiccation is 
carried out with an aspirator for 1 hour or more. Furthermore, thing which you 
decompress with a vacuum pump and is made to dry under a vacuum for 24 hours, 
The amphiphilic star type oxazoline polymer based on [ which is expressed with the 
general formula (HI) which wore the porphyrin color ] porphyrins can be obtained 
with 90% or more of yield (let total value of a porphyrin derivative expressed with the 
1st monomer, the 2nd monomer, and a general formula (I) be a theoretical value). 
[0043] It is the transition metals of common use, and especially, the central metal of 
a porphyrin has zinc, manganese, iron, and desirable cobalt, and zinc and especially 
its manganese are desirable. 

[0044] What is necessary is just to use the metal-complex-ized ingredient as a 
porphyrin derivative which has the iodine methyl group expressed with a general 
formula (I), in order to obtain the amphiphilic star type oxazoline polymer based on 
[ which has such a central metal ] porphyrins. 

[0045] Thus, general formula obtained (III) Also in the amphiphilic star type oxazoline 
polymer based on [ which is expressed ] porphyrins, what has one block-copolymer 
arm of oxazoline at least in o-, m-, or p- of one phenyl group is desirable, and 
especially the thing that has one block-copolymer arm of oxazoline at least in p- of 
one phenyl group is desirable. Moreover, general formula (III) Also in the amphiphilic 
star type oxazoline polymer based on [ which is expressed ] porphyrins, what the 
block-copolymer arm of two oxazoline permuted by one phenyl group is more 
desirable than the porphyrin derivative which the block-copolymer arm of one 
oxazoline permuted by one phenyl group. Moreover, general formula which the block- 
copolymer arm of two oxazoline permuted by one phenyl group (III) Also in the 



amphophilic star type oxazoline polymer based on [ which is expressed ] porphyrins, 
especially the thing that has the block-copolymer arm of oxazoline at least in two 
m- of one phenyl group is desirable. 

[0046] In this reaction, an acetonitrile and the solvents of the cyano group content 
like cyanobenzene of the polar solvent to be used are desirable, and especially its 
phenylacetonitrile is [ that what is necessary is just the polar organic solvents of 
common use usually ] desirable. 

[0047] The rate which serves as range whose 1st monomer is 20-1000 mols to one 
mol of porphyrin derivatives which have an iodine methyl group is desirable, the 
operating rate of the porphyrin derivative and the 1 st monomer which have the 
iodine methyl group expressed with a general formula (I) has the more desirable 
range used as 60-800, and especially its range used as 100-200 is desirable. The 
input of the 2nd monomer can also apply to the above-mentioned rate 
correspondingly, although it comes out enough only by increasing the 
aforementioned mole ratio in order to obtain the polymer of the amount of 
macromolecules — one iodine methyl group in 1 molecule of a porphyrin derivative - 
- receiving — the 1st monomer and the 2nd monomer — in all — a maximum of 400 
equivalent weight can also be used. 

[0048] Although 40 degrees C of polymerization reaction temperature are sufficient, 
it is desirable to set up the optimal temperature conditions with the reaction solvent 
to be used. For example, when an acetonitrile is used for a solvent, as reaction 
temperature, the range of 60-80 degrees C is desirable. When phenylacetonitrile is 
used for a solvent, the range of 80-140 degrees C is desirable in reaction 
temperature. It is desirable to also double and take into consideration the boiling 
point of the 1st monomer used for setting out of reaction temperature and the 2nd 
monomer. 

[0049] Polymerization reaction time amount can be finely set up with the amount 
and reaction temperature of the monomer to the porphyrin derivative which has the 
iodine methyl group expressed with a general formula (I). Reaction temperature is 
high, and when there are few amounts of the 1st monomer, the reaction time of the 
1st polymerization phase is enough in about 10 hours. Then, the 2nd monomer is 
added and polymerization time amount can be set up according to the same 
collimation. There are many amounts of the whole monomer, and in order to obtain 
the polymer of high polymerization degree, the reaction of long duration is needed. 
When reaction temperature is 100 degrees C, in order to set to 200 the average 
degree of polymerization (p+q) of the arm whose number is one, speaking concretely, 
it is doubling the reaction time of the 1 st and 2nd polymerization reactions, and 
carrying out in 72 hours or more more preferably for 48 hours. That is, in order to all 
carry out the polymerization of the monomer of a predetermined charge, it can 
perform easily by extending reaction time suitably. 

[0050] It dissolves in many polar organic solvents easily, and a generation polymer 
dissolves underwater easily. As nonsolvent of a generation polymer, they are 
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diethylether and ether like a tetrahydrofuran. It is desirable to repeat a 
reprecipitation process 2 or 3 times in purification of the polymer obtained. As a 
desirable good solvent in a reprecipitation process, it is a methanol, and diethylether 
as desirable nonsolvent. 

[0051] The living polymerization nature of the oxazoline by the activity halogenated 
compound is common knowledge, therefore — manufacture of the block copolymer 
of the oxazoline which makes an iodine methyl porphyrin an initiator — duality — 
not only a block copolymer but a 3 yuan block copolymer can be manufactured 
easily, therefore, this approach — duality — having been restricted to manufacture 
of a block copolymer — it is not — duality — it is applicable also to manufacture of 
the above plural block copolymers. 

[0052] Although iodine atom has combined with the end structure of this generation 
block polymer, it may not necessarily be limited to it, but you may be a chlorine 
atom or a bromine atom. Furthermore, it becomes possible [ also changing iodine 
atom into other substituents according to the object, for example a hydroxyl group, 
with a chemical means ]. 

[0053] The ingredient with which the chemical structures differ should just be used 
for the 1st monomer and the 2nd monomer out of 2-oxazoline compound illustrated 
previously. 

[0054] The star type oxazoline polymer based on [ which is expressed with the 
general formula (IV) of this invention ] porphyrins can be manufactured according to 
the following manufacture approaches. 

[0055] The porphyrin and polar solvents which have the iodine methyl group 
expressed with a general formula (I) are added to the flask under the inert gas 
ambient atmosphere like nitrogen or an argon, it fully stirs in it, and a porphyrin is 
thoroughly dissolved in it. After adding two kinds of 2-oxazoline compounds more 
than a 20 time mol to this solution as opposed to a porphyrin, it heats with an oil 
bath, and a reaction is continued, stirring at the temperature of 40 degrees C or 
more for 10 hours or more. After reaction termination, after applying the 
temperature of reaction mixed liquor for lowering and the methanol solvent of 
optimum dose to a room temperature, vacuum concentration of the mixed liquor is 
carried out. Fill an ether solvent with the solution which dissolved the condensed 
polymer into the methanol, a polymer is made to reprecipitate, and polymers are 
collected by attraction filtration. The polymer obtained is put in into the desiccator 
with which the desiccating agent like P205 was placed, and attraction desiccation is 
carried out with an aspirator for 1 hour or more. Furthermore, the star type 
oxazoline polymer based on [ which is expressed with the general formula (IV) which 
wore the porphyrin color ] porphyrins can be obtained with 90% or more of yield (let 
total value of 2-oxazoline compound and the porphyrin weight of an initiator be a 
theoretical value) by decompressing with a vacuum pump and making it dry under a 
vacuum for 24 hours. 

[0056] It is the transition metals of common use, and especially, the central metal of 



a porphyrin has zinc, manganese, iron, and desirable cobalt and zinc and especially 
its manganese are desirable. 

[0057] What is necessary is just to use the metal-complex-ized ingredient as a 
porphyrin derivative which has the iodine methyl group expressed with a general 
formula (I), in order to obtain the amphiphilic star type oxazoline polymer based on 
[ which has such a central metal ] porphyrins. 

[0058] Thus, also in the amphiphilic star type oxazoline polymer based on [ which is 
expressed with the general formula (IV) obtained ] porphyrins, what has one 
copolymer arm of oxazoline at least in o-, m-, or p- of one phenyl group is desirable, 
and especially the thing that has one copolymer arm of oxazoline at least in p- of 
one phenyl group is desirable. Moreover, what the copolymer arm of two oxazoline 
permuted by one phenyl group is more desirable than the porphyrin derivative which 
the copolymer arm of one oxazoline permuted by one phenyl group also in the 
amphiphilic star type oxazoline polymer based on [ which is expressed with a general 
formula (IV) ] porphyrins. Moreover, especially the thing that has the copolymer arm 
of oxazoline at least in two m- of one phenyl group is desirable also in the 
amphiphilic star type oxazoline polymer based on [ which is expressed with the 
general formula (IV) which the copolymer arm of two oxazoline permuted by one 
phenyl group ] porphyrins. 

[0059] In this reaction, an acetonitrile and the solvents of the cyano group content 
like cyanobenzene of the polar solvent to be used are desirable, and especially its 
phenylacetonitrile is [ that what is necessary is just the polar organic solvents of 
common use usually ] desirable. 

[0060] The rate that 2-oxazoline compound serves as the range of 1 2-2000 mols 
(A) to one mol of porphyrin derivatives which have an iodine methyl group is 
desirable, the operating rate of the porphyrin derivative and two kinds of 2-oxazoline 
which have the iodine methyl group expressed with a general formula (I) has the 
more desirable range used as 60-1200, and especially its range used as 100-800 is 
desirable. Although it is enough just to increase the aforementioned mole ratio in 
order to obtain the polymer of the amount of macromolecules, 2-oxazoline 
compound of a maximum of 400 equivalent weight can also be used to one iodine 
methyl group in 1 molecule of a porphyrin derivative. 

[0061] Although the presentation of the polymer obtained is decided according to 
the presentation of two kinds of 2-oxazoline compounds, in the mixed stock of three 
kinds of 2-oxazoline compounds, a ternary polymerization object is given easily, 
therefore, the copolymer in this process — duality — it is applicable not only to a 
copolymer but manufacture of a ternary polymerization object. 

[0062] Although 40 degrees C of polymerization reaction temperature are sufficient, 
it is desirable to set up the optimal temperature conditions with the reaction solvent 
to be used. For example, when an acetonitrile is used for a solvent, as reaction 
temperature, 60 or 80 degrees C are desirable. When phenylacetonitrile is used for a 
solvent, 80 degrees C or more 140 degrees C or less are desirable in reaction 



temperature. It is desirable to also double and consider the boiling point of two kinds 
of 2-oxazoline compounds in reaction temperature setting out. 
[0063] Polymerization reaction time amount can be finely set up with the amount 
and reaction temperature of two kinds of 2-oxazoline compounds to the porphyrin 
derivative which has the iodine methyl group expressed with a general formula (I). 
Reaction temperature is high, and when there are few amounts of 2-oxazoline 
compound, reaction time is enough in about 10 hours. There are many amounts of 2- 
oxazoline compound, and in order to obtain the polymer of high polymerization 
degree, the reaction of long duration is needed. When reaction temperature is 1 00 
degrees C, in order to set to 200 the average degree of polymerization (P) of the 
arm whose number is one, speaking concretely, it is carrying out reaction time in 48 
hours more preferably for 24 hours. That is, in order to all carry out the 
polymerization of two kinds of 2-oxazoline compounds of a predetermined charge, it 
can perform easily by extending reaction time suitably. 

[0064] It dissolves in many polar organic solvents easily, and a generation polymer 
dissolves underwater easily. As nonsolvent of a generation polymer, they are 
diethylether and ether like a tetrahydrofuran. It is desirable to repeat a 
reprecipitation process 2 or 3 times in purification of the polymer obtained. As a 
desirable good solvent in a reprecipitation process, it is a methanol, and diethylether 
as desirable nonsolvent. 

[0065] Although iodine atom has combined with the end structure of this generation 
block polymer, it may not necessarily be limited to it, but you may be a chlorine 
atom or a bromine atom. Furthermore, it becomes possible [ also changing iodine 
atom into other substituents according to the object, for example a hydroxyl group, 
with a chemical means ]. 

[0066] The star type ethyleneimine polymer based on [ which is expressed with the 
general formula (V) of this invention ] porphyrins can be manufactured according to 
the following manufacture approaches. 

[0067] A general formula (II) or general formula (III) After dissolving the star type 
poly oxazoline shown into distilled water, adding 30% of sodium-hydroxide water 
solution to this and making this mixed liquor stir at 100 degrees C for 3 hours or 
more, the purple solid-state tinctured with the temperature of a reaction solution for 
lowering and a porphyrin color to the room temperature is deposited. Attraction 
filtration of the solid-state is carried out, chilled water washes a solid-state, and 
washing is continued until the penetrant remover becomes neutrality. After making a 
solid-state recrystallize underwater or in ethanol, the star type ethyleneimine 
polymer based on [ which is expressed with 90% of high yield by the general formula 
(V) ] porphyrins can be obtained by carrying out the vacuum drying of the solid- 
state at 90 degrees C. 

[0068] The star type ethyleneimine polymer based on [ which is expressed with the 
general formula (V) of this invention ] porphyrins can be manufactured by the 
following another simple manufacture approaches. 



[0069] a general formula (II) or general formula (III) the star type poly oxazoline 
shown — the inside of distilled water — dissolving — it — a concentrated- 
hydrochloric-acid solution — in addition, it is made to flow back for 5 hours or more 
this actuation — (II) of a general formula — or (III) Amide association in the 
macromolecule chain shown is hydrolyzed easily, and the hydrochloride derivative by 
which the nitrogen atom was protonated is obtained in the star type macromolecule 
shown by the general formula (V). The water solution of this hydrochloride derivative 
is made to stir [ be / it / under / sodium-hydroxide water-solution / 5% of / 
adding ] for 20 minutes at 60 degrees C. The star type ethyleneimine polymer based 
on [ which is shown by the general formula (V) ] porphyrins can be obtained by 
cooling mixed liquor even to a room temperature and depositing a solid-state. 
[0070] Thus, also in the star type ethyleneimine polymer based on [ which is 
expressed with the general formula (V) obtained ] porphyrins, what has one 
polyethyleneimine arm at least in p- of one phenyl group is desirable. Moreover, 
what two polyethyleneimine arms permuted by one phenyl group is more desirable 
than the porphyrin derivative which one polyethyleneimine arm permuted by one 
phenyl group also in the star type ethyleneimine polymer based on [ which is 
expressed with a general formula (V) ] porphyrins. Moreover, especially the thing 
that has a polyethyleneimine arm at least in two m- of one phenyl group is desirable 
also in the star type ethyleneimine polymer based on [ which is expressed with the 
general formula (V) which two polyethyleneimine arms permuted by one phenyl 
group ] porphyrins. 
[0071] 

[Example] Hereafter, although this invention is further explained to a detail using an 
example, this invention is not limited to the range of these examples. 
[0072] <Example 1> [composition of a tetrapod (p-iodine methylphenyl) porphyrin 
(code: TIMPP)] 

p-iodine methyl benzaldehyde 0.98g, pyrrole 0.28g, and chloroform 400ml were added 
to the eggplant mold flask with an equipped with a reflux condenser, a three-way 
cock, and gas bubbling tubing capacity of 1000ml. Bubbling was carried out for 10 
minutes by argon gas, stirring this mixed solution by the stirrer. Then, the 
diethylether solution of 0.02ml of boron tribromide was added, and the mixed solution 
was stirred at the room temperature for 1 hour. Then, triethylamine 0.23ml and 
chloranil 0.74g were added, and the mixed liquor was made to flow back for 1 hour. 
Reaction mixed liquor was lowered to the room temperature after reaction 
termination, reduced pressure distilling off of the solvent was carried out, and the 
resultant was condensed. After having added and filtered the methylene chloride of 
optimum dose in concentration liquid, collecting insoluble solid-state objects and 
considering as the chloroform solution of the solid-state object, separation 
purification was carried out using the silica column, evaporation to dryness of the 
eluate was carried out using the rotary evaporator, and tetrapod (p-iodine 
methylphenyl) porphyrin (it is hereafter called TIMPP for short.) 0.55g was obtained. 



(47% of yield) 

[0073] It identified in the structure of TIMPP, 1 H-NMR (nuclear-magnetic- 
resonance spectrum), UV-Vis (ultraviolet-visible absorption spectrum), Mass (mass) 
analysis, and elemental analysis. 

[0074] 1 H-NMR (the inside of 300MHz and CDCI3, 4(CH3) Si internal standard 
object) 

delta(ppm):-2.8 (s. 2 H), 4.7 (s, 8 H), 7.7-7.8 (d, 8H), and 8.1- 8.2 (d, 8H) and 8.8 (s, 8 
H) 

[0075] UV-Vis (inside of CHCI3) 

lambdamax(nm): 419.2, 515.3, 541.5, 590.3, 648.8 [0076] FAB-Massm/z: 1174, 
1175[0077] 

Elemental analysis: (measured value) C= 49.02%, H= 2.74%, N= 4.65% (calculated 
value) C= 49.09%, H= 2.92%, N= 4.77% [0078] <Example 2> [composition of a tetrapod 
(m and m'-diiodomethyl phenyl) porphyrin (code: OIMPP)] 

In the example 1, it replaced with p-iodine methyl benzaldehyde and tetrapod (m and 
m-diiodomethyl phenyl) porphyrin (it abbreviates to OIMPP hereafter.) 0.66g was 
obtained like the example 1 except having used m and m-diiodomethyl benzaldehyde 
1.54g. (38% of yield) 

[0079] It identified in the structure of OIMPP, 1 H-NMR, UV-Vis, Mass analysis, and 
elemental analysis. 

[0080] 1 H-NMR (the inside of 300MHz and CDCI3, 4(CH3) Si internal standard 
object) 

delta(ppm):-2.8 (s, 2H), and 4.9 (s. 16H), 7.8-7.9 (t, 4H) 8.2- 8.3 (d, 8H) and 8.8 (s, 
8H) 

[0081] UV-Vis (inside of CHCI3) 

lambdamax(nm): 419.4, 515.8, 542.0, 591.1, 648.2 [0082] FAB-Massm/z: 1734, 
1735[0083] 

Elemental analysis: (measured value) C= 35.89%, H= 2.38%, N= 3.51% (calculated 
value) C= 36.02%, H= 2.21%, N= 3.23% [0084] <Example 3> [composition of tetrapod 
(p-iodine methylphenyl) porphyrin zinc (code: TIMPP-Zn)] 

In the eggplant mold flask with an equipped with the reflux condenser capacity of 
500ml, TIMPP0.25g obtained in the example 1 to chloroform 200ml was dissolved. It 
flowed back for 2 hours, after adding 30ml of methanol saturated solutions of zinc 
acetate, stirring flask contents. After cooling reaction mixed liquor to a room 
temperature, separation purification of the reaction mixed liquor was carried out 
using the silica gel column chromatography which makes chloroform an eluate, and 
0.23g (it abbreviates to TIMPP-Zn hereafter.) of tetrapod (p-iodine methylphenyl) 
porphyrin zinc was obtained. (86% of yield) 

[0085] <Example 4> [composition of star type Pori (methyl oxazoline) (code: TPMO- 
P) which used TIMPP for the initiator] 

After argon gas permuted the interior of a two-lot flask with an equipped with the 
three-way cock capacity of 50ml, TIMPP0.0352g and phenylacetonitrile 8.0ml 



obtained in the example 1 were added, it stirred at the room temperature, and 
TIMPP was dissolved thoroughly. It was made to react, after adding 2-methyl-2- 
oxazoline 3.4ml (3.27g) which is equivalent to a mol number 1280 times to TIMPP to 
this solution using a syringe, stirring at 100 degrees C for 24 hours. After lowering 
the temperature of reaction mixed liquor to a room temperature and adding methanol 
10ml to reaction mixed liquor, vacuum concentration of the mixed liquor was carried 
out. the residue — methanol 15ml — inside — dissolving — the solution — 
tetrahydrofuran 100ml — it flowed into inside and the polymer was settled. The 
polymer obtained by carrying out attraction filtration by the same approach after 
making a polymer reprecipitate was put into the desiccator with which the 
phosphorus pentaoxide (P205) was placed, and attraction desiccation was carried 
out with the aspirator for 1 hour. Furthermore, decompressed with the vacuum pump, 
it was made to dry under a vacuum for 24 hours, and 3.05g (it abbreviates to TPMO- 
P hereafter.) of amphiphilic star type oxazoline polymers based on porphyrins was 
obtained. (92.3% of yield) 

[0086] The number average molecular weight measured using GPC (gel, osmosis, and 
chromatography) of the polymer (TPMO-P) obtained in the example 4 was 28000, 
and molecular weight distribution were 1.56. moreover, the ethylene proton in the 
polymer arm from the measurement result of 1 H-NMR and a polymerization — the 
inside of the body — when the integral ratio with the PIRORU ring proton of the 
porphyrin in an alignment was calculated, the average degree of polymerization of 
each arm was 290. Therefore, the number average molecular weight of the polymer 
(TPMO-P) obtained in the example 4 searched for from 1 H-NMR was presumed to 
be 99900. It is the general description in a star type macromolecule that the value of 
the number average molecular weight by 1 H-NMR far exceeds the number- 
average-molecular-weight value by GPC. 

[0087] <Example 5> [composition of star type Pori (methyl oxazoline-b-phenyl 
oxazoline) (code: TPMO-b-PO-P) which used TIMPP for the initiator] 
After argon gas permuted the interior of a two-lot flask with an equipped with the 
three-way cock capacity of 50ml, TIMPP0.0352g and phenylacetonitrile 8.0ml 
obtained in the example 1 were added, it stirred at the room temperature, and 
TIMPP was dissolved thoroughly. It was made to react to it, after adding in a syringe 
2-methyl-2-oxazoline 1.06ml (1.02g) which is equivalent to a mol number 400 times 
to TIMPP to this solution, stirring at 100 degrees C for 24 hours. At this event, the 
invert ratio of 2-methyl-2-oxazoline was 98%. It was made to react, after lowering 
whenever [ reaction liquid temperature ] to 60 degrees C and adding 2-phenyl-2- 
oxazoline 0.883g and phenylacetonitrile 4.0ml which is equivalent to a mol number 
200 times to TIMPP, stirring at 100 degrees C again for 24 hours. After applying the 
temperature of reaction mixed liquor to a room temperature for lowering and 
methanol 10ml, vacuum concentration of the reaction mixed liquor was carried out. 
the residue — methanol 15ml — inside — dissolving — this solution — 
tetrahydrofuran 100ml — it flowed into inside and the polymer was settled. A 



polymer is made to reprecipitate by the same approach, after attraction filtration, 
the obtained polymer was put into the desiccator with which P205 were placed, and 
attraction desiccation was carried out with the aspirator for 1 hour. Furthermore, 
decompressed with the vacuum pump, it was made to dry under a vacuum for 24 
hours, and star type Pori (methyl oxazoline-b-phenyl oxazoline) (it abbreviates to 
TPMO-b-PO-P hereafter.) 1.88g was obtained. (96.9% of yield) 
[0088] The number average molecular weight measured using GPC of the block 
copolymer (TPMO-b-PO-P) obtained in the example 5 was 26000, and molecular 
weight distribution were 1 .47. moreover, an ethylene proton [ in / by 1 H-NMR / a 
polymer arm ] and a polymerization — the inside of the body — when the integral 
ratio with the PIRORU ring proton of the porphyrin in an alignment was calculated, 
the average degree of polymerization of each arm was 142. Furthermore, the mol 
presentation ratio of the methyl oxazoline residue pair phenyl oxazoline residue by 1 
H-NMR measurement was 68/32. Therefore, the number average molecular weight 
of the polymer (TPMO-b-PO-P) obtained in the example 5 searched for from 1 H- 
NMR was presumed to be 60600. 

[0089] <Example 6> [composition of star type Pori (methyl oxazoline-co-phenyl 
oxazoline) (code: TPMO-co-PO-PZn) which used the TIMPP zinc complex for the 
initiator] 

After argon gas permuted the interior of a two-lot flask with an equipped with the 
three-way cock capacity of 50ml, TIMPP-Zn0.037g and phenylacetonitrile 8.0ml 
obtained in the example 3 were added, it stirred at the room temperature, and 
TIMPP was dissolved thoroughly. It was made to react to it at 1 00 degrees C, after 
adding in a syringe 2-pheny|-2~oxazoline 0.883g equivalent to 2-methyl-2-oxazoline 
1.06ml (1.02g) which is equivalent to a mol number 400 times to TIMPP-Zn, and a 
200 time mol number to this solution, stirring for 24 hours. After applying the 
temperature of reaction mixed liquor to a room temperature for lowering and 
methanol 10ml, vacuum concentration of the reaction mixed liquor was carried out. 
the residue — methanol 15ml — it dissolved in inside, the 100ml tetrahydrofuran 
was filled with the solution, and the polymer was settled. The polymer was made to 
reprecipitate by the same approach, after attraction filtration, the obtained polymer 
was put into the desiccator with which P205 were placed, and attraction desiccation 
was carried out with the aspirator for 1 hour. Furthermore, decompressed with the 
vacuum pump, it was made to dry under a vacuum for 24 hours, and star type Pori 
(methyl oxazoline-co-phenyl oxazoline) (it abbreviates to TPMO-co-PO-PZn 
hereafter.) 1 .84g was obtained. (94.8% of yield) 

[0090] The number average molecular weight measured using GPC of the copolymer 
(TPMO-co-PO-PZn) obtained in the example 6 was 37000, and molecular weight 
distribution were 1.61. moreover, an ethylene proton [ in / by 1 H-NMR / a polymer 
arm ] and a polymerization — the inside of the body — when the integral ratio with 
the PIRORU ring proton of the porphyrin in an alignment was calculated, the average 
degree of polymerization of each arm was 140. Furthermore, the mol presentation 



ratio of the methyl oxazoline residue pair phenyl oxazoline residue by 1 H-NMR 
measurement was 72/28. Therefore, the number average molecular weight of the 
copolymer (TPMO-co-PO-PZn) obtained in the example 6 searched for from 1 H- 
NMR was presumed to be 58100. 

[0091] <Example 7> [composition of star type Pori (2-ethyl oxazoline) (code: OPEO- 
P) which used OIMPP for the initiator] 

After argon gas permuted the interior of a two-lot flask with an equipped with the 
three-way cock capacity of 50ml, OIMPP0.026g and phenylacetonitrile 8.0ml 
obtained in the example 2 were added, it stirred at the room temperature, and 
TIMPP was dissolved thoroughly. It was made to react to it at 1 00 degrees C, after 
adding in a syringe 2-methyl-2-oxazoline 1.24ml (1.1 89g) which is equivalent to a 
mol number 800 times to OIMPP to this solution, stirring for 24 hours. After applying 
the temperature of reaction mixed liquor to a room temperature for lowering and 
methanol 10ml, vacuum concentration of the mixed liquor was carried out. the 
residue — methanol 15ml — it dissolved in inside, tetrahydrofuran 100ml was filled 
with the solution, and the polymer was settled. A polymer is made to reprecipitate 
by the same approach, after attraction filtration, the obtained polymer was put into 
the desiccator with which P205 were placed, and attraction desiccation was carried 
out with the aspirator for 1 hour. Furthermore, star type Pori (2-ethyl oxazoline) (it 
abbreviates to OPEO-P hereafter.) 1.1 8g was obtained by decompressing with a 
vacuum pump and making it dry under a vacuum for 24 hours. (97% of yield) 
[0092] The number average molecular weight measured using GPC of the polymer 
(OPEO-P) obtained in the example 7 was 47000, and molecular weight distribution 
were 1.42. moreover, an ethylene proton [ in / by 1 H-NMR / a polymer arm ] and a 
polymerization — the inside of the body — when the integral ratio with the PIRORU 
ring proton of the porphyrin in an alignment was calculated, the average degree of 
polymerization of each arm was 93. Therefore, the number average molecular weight 
of the polymer (OPEO-P) obtained in the example 7 searched for from 1 H-NMR 
was presumed to be 75500. 

[0093] <Example 8> [composition of star type Pori (ethyleneimine) (code: TPEI-P) 
by hydrolysis of TPMO-P] 

TPMO-P1.0g obtained in the example 4, 10ml of distilled water, and 10ml of 
concentrated hydrochloric acid were added to the flask with an equipped with the 
reflux cooling pipe capacity of 50ml one by one, it stirred in it at the room 
temperature, and the polymer was dissolved in it. The mixed liquor was made to flow 
back with an oil bath for 18 hours. It removed under reduced pressure of a 
hydrochloric-acid water solution after the reaction, and the solid-state which wore 
green was obtained. After the methanol washed this solid-state, it dissolved in 10ml 
of distilled water, and the sodium-hydroxide water solution was dropped at that 
solution 2%. Checking that a water solution changes from green purple, the sodium- 
hydroxide water solution was dropped 2% until pH of a water solution was set to 10, 
and the polymer was settled. Attraction **** of the solid-state was carried out, and 



with cooled distilled water, the solid-state was washed until the penetrant remover 
became neutrality. Furthermore, after making the solid-state recrystallize in ethanol, 
it was made to dry at 100 degrees C under a vacuum for 24 hours, and star type 
Pori (ethyleneimine) (it abbreviates to TPEI-P hereafter.) 0.48g was obtained. (94% 
of yield) 

[0094] an ethylene proton [ in / by 1 H-NMR of the polymer (TPEI-P) obtained in 
the example 8 / a polymer arm ], and a polymerization — the inside of the body — 
when the integral ratio with the PIRORU ring proton of the porphyrin in an alignment 
was calculated, the average degree of polymerization of each arm was 287. This was 
in agreement with the polymerization degree and the basic target of a polymer 
before hydrolyzing. Therefore, the number average molecular weight of the polymer 
(TPEI-P) obtained in the example 8 searched for from 1 H-NMR was presumed to 
be 50400. 

[0095] About the amphiphilic star type oxazoline polymer (TPMO-P) based on 
[ which was acquired in the <assessment> example 4 ] porphyrins, the solubility over 
water and various organic solvents and the maximum absorption wavelength 
measured using UV-Vis about those solvent solutions were measured, and the result 
was shown in a table 1 . 
[0096] 
A table 1] 



[0097] The amphiphilic star type oxazoline polymer (TPMO-P) based on [ which was 
acquired in the example 4 ] porphyrins showed very good solubility to water and 
many organic solvents, usually, [by which in the case of an amphiphilic porphyrin 
depending for the maximum absorption wavelength to a solvent strongly, and shifting 
about 5-6nm to a short wavelength side from the inside of an organic solvent 
underwater is known — "journal OBU chemical society (J.Chem.Soc.) Faraday 
transformer AKUSHONZU (Faraday Trans.)" volume [ 93rd ] 3945th page (1997)]. 
However, in the amphiphilic star type polymer based on [ of this invention ] 



porphyrins, the maximum absorption wavelength was the wavelength related almost 
same in the class of solvent. It has suggested that a porphyrin is thoroughly isolated 
in a star type polymer basket, and this description is intercepted by the 
macromolecule arm with a porphyrin frame comrade's big interaction. 
[0098] 

[Effect of the Invention] Since the amphiphilic stellate oxazoline polymer based on 
[ which was acquired from the porphyrin derivative which has the iodine methyl 
group of this invention ] porphyrins becomes useful to the manifestation of the 
catalyst / optical function of a porphyrin by isolating a porphyrin thoroughly in a star 
type polymer basket, and intercepting a porphyrin frame comrade's interaction, the 
various application as an optical functional material, a photo-electric-translation 
device, and a cancer treatment agent-diagnostic agent is expected. 
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giic^fcoTi*. i??3C^iga$2. 3in«iyjs-rctA< 

Co o 5 i ] m&/\af^it-&ifa\~&Z>***)-J ') ><d 

[0 0 5 2] ^^±sl^py^#'j7- Ottmm&lz 

l\, ,^11T£<b^M&^jSTr@WlciSi:£tecD 
[0 0 5 3] SI1 ^E/ v— Mf2t/ v— (4. 5fe(c0iJ 

* Lfc 2 y ^nitfttt®** * % itmm&tf 
[0054] *mBjxr>-ie&(wvmt>£ti$>#)i'Z> ■( 

[o o 5 5] mmx.iti'juisoyimttfEii.TS^nmis. 
TOT^^af^ -Ssit (i) -c*s;bs;K.i>a— K;>< ; f- 
g©2-*^vry >g<b^£tax.fc&. tI-'C^/n'x 

£3&E^$g-r-5. jliSSLfc^'J-?— — 

#. qa§l5il-l?^'J^-$I5]iK-r-S.. fbtii*U7- 
£ P205©im^fS;jiia'jA<a^*t/=7 ; v"7— $ 4M~A*u 



w±<dj|r* (2-^-9-y'j>S{b^^iai;ggtesiia)/-K 
;u7-cj>s*ro^ttfii^siiffit-r^) 

[oo5 6] y ><D4"i>^Jsi*. mm<Dm&& 

[0 0 5 7] *<D£otj;tp l t>&m&mi-Z#Jl>Z> 4 'J > 
4>to<&^S&t£Mlbr4r^yy >M£i*£|#&lcl4. - 
flSSC (i) T-S*5$*i-5a— K>^;ua$*-r-5/K;u^ 
-(">»>^{*<t:LT, &«fit*ibLfc*r*4£fflU:fcl4J: 

l\ 

[0 0 5 8] CCD* 5l-LT#f,ix-S— fiSS (IV) 

■J >©3# 'J 7-7-AS 1 »fTf -SfcOAqfllzjfrg: L 
l\, -»5S (IV) T?£*>£:K4jK./U:7< «J>«H> 

x 1 oo^+^'/U >CD3/K'J v — t — 

J&<»*Ll\, Sfc. 1 0©7i-JHIC 2 0<D7t-+-9"!/ 

y >©3^>jt- r— A*<a«ufc-«sc (iv) x-mt> 
*tii>*u7 < y xtmxonnttttas^-^y y >m 

StentpT't^ 1 Ofl)7i- ;U*(D2*mO)m-<4l3^- 
dF-9-yy XDa^y^-T-A^^-T^tOA^lcW^ 

[0 0 5 9] COSEBlrfcLNT. fflt^^®ttj§^«l*. S 

[0060] -flgst (i) rs^Six^a— h*y 5^;us 
&mr&7$)\<z>4 y >^g{*t-«s<& 2 vy 
>t<offifflH^i4. a— K>^;u*^^-r-&7K-/u7-f y 
^Ur^LT, 2-^-9-^y >Sfb^*< 
1 2~2000^KD®I (A) t^f^g|^A<»*L 

6 0-1 20 0tJi4®H*<«feyjiff l<. 100 
~8 0 0.1:^^ffiHA<#|c»^LL>o J6#T»<0a^(* 

1 oiz^lt*^:4 o ofi©2-t+t , /'J >mit£ 
[0061] zfflifl)2-*+t , ; i J >flHb«Ma>tt^ 
2-Ji-+-y-yy>^b^^ia);i^^-r-i4. H7c^fi^<* 
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[0 0 6 2] a^SJ£Sgl*4 0°Ct?t,fit^ ffll*£> 

7-fe h-h'J^^j§91(rfflt\fcii^li, JgfS;gg£8 0 
°Cia±1 4 0°CJaT#M£Ll.\ > StESJS^lCI*. - 
as© 2 y >g<b£&KD3S;S t^#T#x 

[oo6 3] m-SBLmmfflit. -ass m 

•53— Ky^HtS*-*-*^^^ U >St*(*lc^-5 

■y- % /'j>^b^^ia)aA^^LMi#. srsBtPeiia 1 oe$ 
rasgT?+»T?fe§. 2-**-y-V'j>g<b^!i$!ia>»j!)t 

JS*<j&S£fc£. MWMl~-Mz.l£. SfE;SSA<1 O o°c 
Oif^. --0<DT— J*<D^M^m. (P) A<2O0t5: 
£(E:ftRi1£2 4B$fiIK J:y*f*L<li48Sfb1 
IC-r^CfCfe^o fiP*>. m^(Dttii^S0>-aSCD2 

Psi £ as i-stf-r c t izmn x- # z, . 

— (D$E%lM£ LXIt % ylfJH-f;k f h7t KP 
SH-^fcoTIi, WjJC^i§fI£2. 3Is]^iyjS-rci:*< 

[0 0 6 5] A^££j£:?a-y/77KU 

w&&. mx\t7m.mzm.m-haa 1 -5imtui >0 

[0066] (v) x-mfrZHZtfj^? 

[OO 6 7] -«3t (II) X(*-flftSC (III) -e^ft 

o o°cT-3B#r B ija±&#£-e-f-gL stc^ross^m 

x^y-;K^t?SiKSS-a-fc^. @#£9 o°ct?K£8; 
*S£-tt-SC<tlr<):oT. 9 0<H><DM>&.&X*— SftSC (V) 
x&frZti&tfji,-?* U vtf'iXDSSx-^uw 5 >S 

[OO 6 8] *&I8(D-Ii85t (V) T?at3*tl-5^U7 



[0069] -fiSSC (II) Xli-8S5t (III) XHi^il 

■c, — assccd (in xi* din -c^^ti-ss^SBf 

COTS K^A<§a»c*07k^*4x, -UftiC (V) T-^ 

iz^ 5%©;*&<b^ hy^A^fctpicfln*., 6 0°c-c 

tt^«ftij*-t**c Victor, -figs (v) t-i*iiS 
-c 'j >tp«fc<&S£»x^ u w 5 c 

[0070] z(D&5izLxmz>H&-t&#. (v) -eg 

(V) X-mt>2tiZ>tf)\s7-{ ')lstpib<Dg.M^T\s><< 
s.>W-£#<r>fpxi,. 1 oo)7i- ;uai-i oflj^'ji 

1 0©7i-;i/Sl-2 0©/K'Jlf UX5>7- 
I- 2 OtD/K U UW 5 >T— Lfc-fl83£ 

(v) xwo-£foz>i£)\,-? -< <j >«piD<DmMx^uw 

[0 O 7 1 ] 

b^-t-sa^ *«bji*. ^*iz><r>mmm<r>mm\zm , g.-£*i 
■5^,<7)■el*^£t^ 0 

[00 7 2] <HS6eiIi> [t-k^ (p-3— K^^yu 
;b) 7K;u^-f «; > (bs# itimpp) <d^/$] 
ifSS^aiS. =73=1 v<7B.xfi iix/t?') >7m%ffiz.tz 
til 0 0 0ml<D55S^77X3|c. p-a— Ky^;u 
^>X7;UftK0. 98g. tfP— ;U0. 28gfiU! 
^7 OQ7h;UA4 0 Oml^Ja^fco C<D;1^5§;^ ^ — 
7tfffLWb, 7;L-^ >#XT* 1 0^/\*3f'J>^ 
Lfco -^<D^, H^b^-7^0. 0 2mlC0vx^;ux— 

tzo &l^X, h'Jx^;U7-= >o. 2 SmlXUr-^P^^. 

;uo. 7 4 g^/ni^T. tam-smt: 1 B*ma3t$# 

mt*T[s>$imx_x, zmL. *f&&m{**t*m 

U— ^^fflL%TMf§l£@$-B-r. ^ (p-3— Kj< 
tK;U7h"J> (JilT. T I MPPtBSffc 
-T-So ) 0. 55g^«fc 0 (JR*47%) 
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[0073] T I MPPCD*^!*. 1H-NMR (&ffi 

SftRSx^ . uv-v i s (^^-pT^KiRx 

^ hju) .Mass («a) jmjk Ttm^mizxm^ 

[0074] iH-NMR (300MHz. CDCI 

3*. (CH3) 4 s i to&mmto) 

6 (ppm) 2. 8 (s, 2 H) . 4. 7 (s. 

8 H) . 7. 7-7. 8 (d, 8H) . 8. 1-8. 

(£^{S) C = 49. 0 2%, H: 
(H^fil) C = 49. 0 9%, 

[0078] <mmmz> [fh7 (m. m' -i;a— 
1. 5 4 g&m^tzVLtut. mmmi tmmtzLx. t 

(m. m' -v3- hVfJl/7i-;i.) /R/U^-f'J 
> (KIT. O IMPPttBStSo ) O. 66g^ 
f: e (W3 8%) 

[0079] OIMPPOiiglt tH-NMR, UV 
-V i s. Ma s s##r. TU^Wl^TI^^Lfco 

Ol^fil) C=3 5. 89%. H = 
(ffWI) C=36. 0 2%. H = 

[0084] <mmm3> [t- ( P -a— k>^u 

7i-W 7K;U7<U>Xft (NH»: T IMPP-Z 

aatJfrai»**Bitfcs*5 o omiossTis^xn* 

^PD^A2 0 0mllz, HJ6fi9l T'lifcT IMP 
PO. 2 5 «**#**fc 0 :7^;*ane»*«ttLfc 

2B$F B iii3StLfco fi*iBd**sa*-e»aaiLfc 

T. f h7 (p — 3 — MW7i- 7U) #jb^-f U> 
IS (JUT. T IMPP-Zn <h*Bg-rSo ) 0. 2 3 
g^Sfco (ft* 8 6%) 

[0 0 8 5] <H8£#J4> [T I MP P £§3$SJWlrffli\ 
fcaSMtU (*^;WJ-** % /'J>) (Bg#:TPMO- 
P) <D^/£] 

= ^=J ^^$l^.fc§l5 OmlCO^P^^XzKDWgS^ 
7M>^t^L«, SWUTifcTIMPP 

o. 0352 g. 37x-;ur-tr h~ hjjus. oml^in 
aa-cAttLT. t i Mpp^^±izjg«^i±fco 

dO^IC. T I MP PIC2JLT 1 2 8 of&^E;H£lz4g 
^-r*2->^;b-2~^-9-yiJ>3. 4ml (3. 2 
7g) >2/&ai\Tjtojlfc:tk« 1 0 0 0 Ct*2 4^ 

M»ttLft*«&fi*sii-fc. JEjea^aoaasaas 



2 (d, 8 H) . 8. 8 (s, 8 H) 
[007 5] UV-Vis (CHCI 340 

Amax (nm) : 41 9. 2. 515. 3. 541 

5. 59 0. 3. 648. 8 
[0 0 7 6] FAB — Ma s s 

m/z : 1 1 7 4. 117 5 
[0 0 7 7] 



= 2. 74%. N = 4. 65% 
= 2. 9 2%. N = 4. 7 7% 

[0080] 1H-NMR (300MHz. CDCI 

3*. (CH3) 4s i toummm 

d (ppm) :-2. 8 (s. 2H) . 4. 9 (s. 1 
6H) . 7. 8-7. 9 (t. 4H) . 8. 2-8. 
3 (d, 8H) . 8. 8 (s. 8H) 

[0081] UV-Vis (CHCI 34a) 
Amax (nm) : 4 1 9. 4. 5 1 5. 8. 542. 
0. 591. 1. 64 8. 2 

[O O 8 2] FAB-M ass 
m/z : 1 7 3 4. 1 7 3 5 

[0 0 8 3] 

2. 38%. N = 3. 51% 

2. 21%. N = 3. 23% 

«L S«tt£SE2llgLfc. y-;n 5ml 

^iCjgflSL. fc KP77>1 O 0ml * 

> (P2O5) Wtifcfy^^ (cAti. miBTX 
l±L. 12T2 4B#r B 1K;^*1±T. 7K;U^-f U>*'0(7) 

ss«attaa**-y-y«j>«^«*: (&t. tpmo-p 

<t*BS-r*o ) 3. 0 5g?f|fc e (4R*9 2. 3%) 

[oo86] mMmiT-mzm^ft (tpmo-pj <d 
gpc (?)], • aa ■ on^ y*?^-?*— ) sffltNta 

S Lfca^»^fitt 28000t\ 1 . 

5 6T?fcofc 0 Sfc. tH-NMROSISe^b, S 

LtztZ*> % &T—lx<T>W-fym^m*2. 9 0T'£of; 0 

(TPMO-P) <D»TJS»-7-«f*9 9 9 00t"Jt36$ 
ttfco 1 H - N M R IC * *tt*PiS#*a<Dtt*<G P C IC 

[0087] <HJSfiU5> [T I MPP^g|$gSlJ|cffltx 

fcBSUKU (^^^*-9-y«J>-b-^x-;u^-+-9- 
% /U» (BS#: TPMO-b-PO-P) (D^m 
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7;U=f>#X-C?S&L/rgL 1 "Cf&fc T IMPP 

0. 03 5 2g, 7T^;i,7tf--h l j;U8. Oml£flD 
M^iX'mWLX. T IMPP £5u±izmffi.£i±tz<, 

zcDpgmz. t i mp pir*tLT4 o ofs^jvmztsm 

■f&Z-t^n — 2 1 . 0 6ml (1. O 
2g) £is>) >vC:Tfia*.fc&, 1 O 0°CT- 2 4B$RS]ig 
^U^A<t,SfS$1+f=o C<D^-C. 2-*5^U-2- 

^-^■y-yj >coiE<bmi*9 8%t?fco/=. sj^issjt^ 

6 0°ClCTIfTA''t>. T IMPPIcMLT, 2 0 0fg : E 

^atfiat42-7i^-2-t^yj>o. 8 

8 3 gXlX^i— ./UT'-tr h— h'J^4. Oml£Afl7Lfc 
SUM 0 0°CT2 4Hr B 1f|fiiL«CA'f,g(SJtfc o 
SiSil^jScDjaS^SiSlcTIf . > £ y — ;U 1 Oml £ 1m 

;H 5ml*lc;§fl?U CKDjgjfc*^ h^fc h'P77>1 
OObI^Ci&Ixt*. S^t*£Zt^£-fc»-fc. 

^T2 4^ra^ja$-i±r. mswj o^usMrij-yj 

>-b-7i-JimV'J » (JilT, TPMO-b 
-PO-Pi^Bg-r-S. ) 1. 88g£#fc 0 (ft*9 
6. 9%) 

[0 0 8 8] HSfcWST-iffc^Qy-^S^tt (TPM 
O-b-PO-P) (DGP C&m^TmfeLtz&¥tS}ft 
fili26 00 0t\ ft+mftm* 1 . 4 7tfcofc„ 

¥«ilfi£gli1 4 2ffcofc„ MIC. IH-NMRSIS 

i= <fe $ ^ tji>**v- ^mmti ? x -jut- y i) > 

&S<D-t;i4§/£ltl*6 8/3 2-Cfcofc. tot, 1h 
-NMRA>ii*«)fcSIJ6^|5T-|§/=«^t* (TPMO- 
b-PO-P) (OilS¥19^»li6 06 OOift^J^ 

[0 0 8 9] <HJ£#l|6> [T I MP PS^Hi^^BBte 

(Bg# : T PMO-c o-PO-P 

Zn) 

=^"3 y ^£{1*. 7=^:1:5 OmlCD-p^^xzKDrtgp^ 
T^J^A'XffiLtS. HJ6#!l3T-»fcT IMPP 
-ZnO. 037g, 7 x—JVT-k h—y.ij)i,8. Oml 
£*n;i, ^jgrm^LT, T I MP P £5c±lcjgS¥£t»- 
fc. CCDjgiglC, T I MP P-Z ntMLt4 O Ofg^ 
^5Si:fiat^ 2 - > f 2 - t+iJ-yj > 1 . 0 6 
ml (1. 02 g) &tf2 0 0ft%SUft|c4Bg-4-«2-:7 
x— ;U- >0. 8 83g5vU >islZX 

m*.tz&. ioo°ct\ 2 4mm&nLUfi<t,E.&£i£ 

fc. SJSjl^G);gg^g;g|cTlf. ;n Oml 



J— ;H 5ml«t>l-jS»L» ^OTiS&^l OOmlCOf h5 

^ P205A<aA^fr7 I ->'!r— $lcA4x, 1^77^1/ 
-*T-i»5IS;J£Lfc,, Kffl7t?>?j::T*ffU 
I^T2 4^KjSJtT, tS,f'J 
y>-eo-7i=*tWJ» (1UT. TP MO 
-co-PO-PZntMU. ) 1. 84g$i 
fc. (ft*9 4. 8%) 

[0090] mmmex-mtz^m^ (tpmo- co 

-PO-PZn) (DGPCZm^XfflfeLtz&^iSjft?- 
fil*3 7 O 0 0T, #?>5Mn* 1.61 T'feofc. * 
fc. >H-NMRlCj:y, m-SfrT— AlCfclf^X^U 

h^tS^tb/Di-fcit-STKyu^-c 'j><z>tfo;u 

*9fi^JSl±1 4 OTrfcofc. HI-. 'H-NMRSJ^IZ 
«k * > ^Vl~f 4-9" x J 'J 7 x »/ 'J >S 

«ffl : e;i'fflfiJttii7 2/2 8ti5ofc. «Eot. 1h- 

NMR3^6*»fc*l6«6-e»fc*«*(t (TPMO- 
co-PO-PZn) ©»^^fi|*5 8 1O0it 

[o o 9 1 1 <mmm7> to i mp pzfflthmizmi^ 

tzMMtf U ( 2 -l^M-^-y-V 'J » (Rg4£ : O P E 
O-P) (D^JjE] 

= £ffi*.fc$35 Oml(7)-P7 : 5XzicDF , 9gp$ 

7;i/J>^tl»Lfct, SIJg«lJ2T-»fcO I MPP 
0. 0 26 g. 7i-JU7-b h— h 'J7U8. Oml£fln 
££-e«#LT\ TIMPP^4l:i§iJtfc„ 
C0)j§;tl-. O I MP Plr«LT8 O 0<g^E;U!Silcffi^ 
■r^2->^;U-2-^-4r-b-yUl/1 . 24ml (1. 1 
89g) Ji/'J >vlcr*P^.T7b^. 1 OOtf. 24 

JSLfc. ^g^.**,/— ;H 5m|tt"|c5§^L, 
j^^-x h7 t KD75>1 0 Omll=aEL\T?, it 

f#t>^fcfi^(*:$ P2057b<MAN*ifc7 ; >>>r-^lcA 

mnBTxtfu— *-c*giia»*is-fc 0 *&iz, s 

StKv^I-TMEL. R^T2 4B#F B 1|£Jt^i+§ztlc 

OPEO-PttBn. ) 1. 18g$ffc. (ft* 
9 7%) 

[0092] mmm i x-mtzw-st* (opeo-p) <r> 

G P C JfflUTISLfcS^^ili 47000T?. 

1 . 4 2-t?fcofc„ 1 H — N M Rlw 

4"t?icfcit^7Kyu^-f u>ffltp;ua^n h>i:<D»» 
it^H-ffLf-irC^N #T-A0)SFJSIf&Sl*9 3T-& 
ofc 0 tot, 1 H-NMR7i^^46/=HSg^y7 
S#{* (OPEO-P) ©»¥»9# ; f-ili7 5 5O0i 
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[0093] <3tSS#l8> [t p mo- potafcttm- 

.t^II^'J (IS§: TPEI- 

p) osm 

•ClffcT PMO-P 1 . O g. ^S7k1 Oml, 
Otnl T. ^ST'St^LT. 

SfStfe. £i£lETIc&£U SffeSSt/fcH 

1 OalCiftftU *<&jgj£lc 2 %7jc&lb^ MJ -7 -Mcjg 

fc-S^T'Htt^sfcjtLfc. Sir. •^(DSttifi*./— ;U 
*-pf¥^*#fc^. K£T. 1 O 0°CT*2 4B#f?SI$£Ji 
£-fc>-C. MIS!#y (x^UWSV) (KIT. TPEI 



-P££B&-fSo ) O. 4 8g£j|f:„ (Hx^9 4%) 

[0094] mmm8-cmtzW'£& <tpei-p) © 

' H — N M R I— <fe y , a^ftT-AlCfcltSX^L/V^ 

{*<&££®i**fi*Mc-StLfco ffiot. Ih-NMR 
^£>3fc#>fc:5gi£098T-#fcfi£t*: (TPEI-P) <D& 
^iS^Siis 0 4 0 O t«IS$*lfc. 
[0095] <fWffi>HJg0fl4i?#*:7tOu:7-f y^4u& 

(Dil««ttMS^-4r-9-l/'J>m^«: (T PMO-P) Ic 
l=. -E-*lt><D?gS«iSjSl=Ol\TU V-V i s£ffll*TSiJ 

[O O 9 6] 
[*1 ] 







S*SM5«fcg (nm) 






4 2 0. 6 






4 2 0. 4 






4 2 1. 5 




MS 


4 1 9. 6 




8,® 


4 19.6 


N. N-^;<3^#Jk6,7S H 


mm 


4 1 9. 3 




mm 


4 2 0. 2 




*m 






*m 





[o o 9 7] mmm4vmz#ji,z>-< y xpibammm 

ttM^^r-9-'/'J>S^tt: (T PMO-P) I*. 

I*. 5§«lc^<fic#L. *tp-ei±^«l5§SE«f<fcy 5-6 

■V— j-Jl, • *7 • 'rStDU • vtif-f (J. Chem. S 
oc. ) 777T-C • h^>^.T^*>a >X (Faraday Tr 
ans. ) J f93 mW 39451 ( 1 9 9 7 *P) ]. L 



[O 0 9 8] 



